Abstract. Propagation and attenuation of spherical shock waves in water is studied theoretically by using Whitham's method and Energy Hypothesis method. Results are compared with the experimental data and it is found that attenuation predicted by Energy Hypothesis is quite agreeable with that obtained experimentally, where as that by Whitham's method gives higher values. A relation between two different forms of equations of state, generally reported in the literature, is established.
Introduction
Due to its applications in Naval Warfare as well as in Engineering problems, propagation and attenuation of shock waves in water is of immense importance. The works of Kirkwood and Bethel, Brinkeley and Kirkwoods, Penny and DasguptaS are worth mentioning. Details of these works are given in the classical book on the subject by R. H. Cole4.
Later propagation of shock waves in water was studied theoretically using Whitham's method576 and Energy Hypothesi~~'~. In these papers, Tait's Equation af state for water was used. Singhs et al. found attenuation of spherical shock waves in ordinary water experimentally and compared the results with those predicted by the Energy H y p o t h e s i~~~~. It was found that shock velocity predicted by Energy Hypothesis is little higher than that obtained experimentally. In the above mentioned paper the equation of state was taken to be
where a, b are constants of water and U, u, are shock velocity and particle velocity in water respectively.
In the present paper we have discussed different types of equations of state for water. In section 2, a relation between two types of equations of state is established. Equations of state of water reported by different authors is also discussed. In section 3, attenuation of spherical shock wave is found by Whitham's method of characteristics and is compared with that obtained by Energy hypothesis. 
Equation of State of Water
Generally two types of equations of state for water and even for metals are reported in literature. Cole4 has reported Tait's equation of state for saline water which holds upto 50 Kilobars. Similar type of equation for ordinary water is reported in the literature11'12.
Let us take Tait's form of equation of state for water
Where p is pressure, p is density and p, is density at atmospheric pressure. A and n are constants of water. Actually A is not a constant but a function of temperature. But for all practical purposes, we can take it as a constant, as the variations in A with temperature are smallm0"3. Jump condition across the shock front using Eqn. i.e. n = 7, we get a linear relation between U and 24, .
Equations (15) to (17) relate two types of equations of states. Thus when one equation of state is given, second one can easily be derived.
Propagation and Attenuation of Shock Waves in Water
Present author has studied propagation of spherical shock waves in water using Energy H v~o t h e s i s~~~~~ In Eqns. (18) and (19), R is the distance of spherical shock from the centre of explosion and equation of state (1) and jump conditions (2)- (4) are used to derive these equations.
Equations (18) and (19) are integrated by using Ranga Kutta method of fourth order, with the help of DEG20 computer. It is assumed that spherical shock is produced by detonating a spherical charge of RDXITNT, 60 : 40, in the water tank9. Initial value of 6, just at the water-explosive boundary is found by mismatch method of shock impedence15. Variation of shock velocity versus radius R is shown in Fig. 1 , by both the methods. Circles are experimental points9. In Fig. 2 , we have shown the variations of shock velocity U versus particle velocity u,. This is second degree curve of the type assumed in Eqn. (5) . We have fitted a second degree curve in U and It can be seen that values of a, b, c given by different authors, differ slightly. This deviation can be probably due to the different types of impurities of natural water.
Conclusion
It is concluded from the discussions of previous sections, that energy hypothesis gives better prediction of shock waves propagation in water as compared to that by Whitham's method, Similar observation is also reported by Kamello et al. in their work.
Equations of state of water given by various authors is compared and it can be seen that so far this equation is not standardised. This is due to the fact that water constituents vary from place to place. Equations given by Walsh and Ricea6 can be taken as standard for all practical purposes. Relation between Tait's equation of state and shock-particle velocity relation, established in section 2, also holds for metals. But these relations may show deviations when the shock is very strong i.e. when A z 1.0,
